Seismic Exploration of Europa and
Other Ocean Worlds

Steve Vanck(svance@jpl.nasa.gov)

SharonKedat, Sridhar Anandakrishnanw. Bruce BanerdtBruce G BillsFabio CammaraipJulie C CastiflpHsin
Hua Huang ( a ¢ )45 Jennifer M JacksénPhilippe Henri LognonfeRalph D LoredzMark P PannirfgWilliam T
Pike, Simon CStahlet® and Victor C Tsai

(1)Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA, United States, (2)Pennsylvania Styt®/ldmversi
Campus, University Park, PA, United States, (3) U. Roma Tre, Rome, Italy, (4)California Institute of Technology, Pasadeda, CA
States, (5) Institute of Earth Sciences, Acade&Smaa Taipei, Taiwan, (Bjstitut de Physique du Globe de Paris, Paris, France,
(7)Johns Hopkins University Applied Physics Laboratory, Laurel, MD, United Statas ofdyl-Geological Sciences, Gainesville, FL,

United States, (9)Imperial College London, London, SW7, United Kingd)ri, THZurich, Switzerland

Lunar
Europa Geophysical Europa
InSight  Lander (I) Network Lander (I1)
Mars  concept concept Venus Enceladus concept Titan

,w~
t

I r I | | |' i T
2017 2018 2024(7)  2025(?) 2 2 ” 2

© 2017California Institute offechnology. Alights reserved. Governmesponsorship acknowledgeBReference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or otherwise, does not constitute or imply its endorsementritgth8tates Government
or the Jet Propulsion Laboratory, California Institute of Technology. 1



mailto:svance@jpl.nasa.gov)

Seismology In Ocean Worlds

AHow might ocean worlds be habitable?
ANeed to understand redox fluxes and reservoirs

AHow might we use geophysics to test for habitability?
AFocus here is on seismology
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Today's sulfate ocean? Early or today s reduced ocean
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liquid layers,
more saline
with depth ?

ammoniathinsice,
coolsocean,
may preclude life

Choblet+ 2017 Vance+ 2014



Mean | Bulk Density in| Moment Inferred Rotation Seismic
Radius kg nm3 of Inertia H,O Period Energy

in km (C/IMR®) |thicknessin| Inhrs Release in
km

6371 5514 0.3307 3.5 24 31,000 263616 22 (0.8)

1738 3340 0.3929 n/a 672 420 1.36t0.19 6x10’

+0.0009 (0.4x10P)
3397 3933 0.3662 n/a 24.6230 3,300 - ?
+0.0017
1565.0 2989 0.346 80-170 84.4 200 <10,000 ?
+8.0 +46 +0.005 >1000 (ocean
1-10 (rock)
2631.17 1942.0 0.3115 750900 171.7 500 <50 ?
+1.7 +4.8 +0.0028 >1 (ocean)
2410.3 1834.4 0.3549 350450 400.5 400 <20 ?
+1.5 +3.4 +0.0042 >4 (ocean)
Titaneh 2574.73 1879.8 0.3438  500-700 382.7 400 <400 ?
+0.09 0.2 +0.0005 >11 (ocean)
SN CeCEE 252.1 1609 0.335 60-80 32.9 0.3 <20 ?
+0.1 15 >10 (ocean)

a) Williams et al., 2001 b) Goins et al., 1981; Williams et al., Bd8®@lerand Smekrar2014 cFolkneret al., 1997,
Nimmoand Fau| 2013 d)Tobieet al. 2003, Hussmann et al., 2006; Vance et al., 2007 e) Chen et al., 2014; Tyler, 2014

f) Schubert et al. 2004 g) Bland et al., 2015 h) Vance et alunder revision 8



How might an ocean world sound?

Fluidflow induced
seismicity: continuou§
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